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OF BOUNDARY LAYER
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SUMMARY

A large alr shoop deslgriedfor high critioal ,
. speed has been tested In thelLangley 8-foot high-speed

tunnel on the fubelage of a --scale fighter-type alr-
5

plane. The scoop inlet area was selected from oon-
sideratlons of the total air requirements for a
2000-horsepower engine. The critloal Mach number of the
scoop tested (spurt from the wing-scoop juncture)
was 0.75 at an inlet-velocity ratio of 0.6. ~ts
value of critical Mach number decreased to 0.67 at
an Inlet-velocity ratio of 0.4.. A slQhtly lcwer
crlti.calspeed was attained in the wing-scoop juncture.
The results of these tests Indicated that high-critical-
speed scoops can be derived directly from high-crltical-
speed three-dimensional nose-inlet shapes.

The effects of boundary layer on scoop charaoter-
Istlos were found to be important at all inlet-velooity
ratios. At low values of inlet-veloclty ratioJ the
positive pressure gradient ahead of the scoop entrance
oaused the boundary layer to separate externally; this
separation caused significant losses in total pressure
in the scoop duet and high external drag. At high
inlet-velocity rattost the boundary-layer air induced
separation in the scoop diffiser, which caused appre-
ciable losses in total pressure.

b .,.
‘Abokdary:laybr pass~.geof height twice the normal

bomdary-layer thickness, when operated at a sufficiently
high Inlet-velocity ratio, eliminated:internallosses
due to separation and effected a substantial decrease
In drag over that of “theoriginal scoop installation.

. . .
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INTRODUCTION

NACA ACR No. L5BOla

A researoh program has beeriinitiated at the
Langley 8-foot h~gh-spded tunnel for the development
of high-critical-speed, low-drag, fuselage air scoops.
Much of the work previously done on air scoops has been
oonflned to the development of speclflc scoop hstal-
lations for a giwn airplane with little consideration
for the development of general scoop design criterions.
The present investi~atlon was planned to yield results,
Insofar as possible, that are generally applicable.
The tests were made with a generalized fighter-type
airplane model constructed to proportions in current
use and provided with a means for v&r@ng the scoop
air-flow quantity through a wide range.

~ the first phase of the program, the results
of which are reported hareln, tests were made of a high-
oritical-speed air scoop movntad near the mldposltlon on
the model f’uselage. The purpose of these tests was to
detemdne the ef’fectsof fuselage bomdary layer on t~.
scoop characteristics, to determine the requirements of
passages suitable for removal and disposition of the
boundary laywr, and to obtain perfonmnce data on the
first of a series of scoops desl~ed for high critical
speed.

SMiBOLS

a. speed of somd in free-stream air, feet per seoond

M. free-stream Mach number (Vo/ao)

Mcr . crltlcal Mach number

a model angle of attack referenced to wing chard

PO

q.

line, degrees

free-stream density, slugs per cubic

f’ree-str$m d

(T

lC pressure, pounds

foot 2
~P#o

foot

pei.square

.-.
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total pressure, pounds per square

m<.
pressure, pounds per square”foot

total-pressure loss, pounds per square foot

free-stream stattc pressure, pounds per square
foot

total-pressure-recoveryratio

100al static pressure, pounds per square foot

r)

- Po
pressure coefficient *

o
scoop maximum frontal area (0.219 sq f%)

wing area (13.85 aq f%).

drag, pounds

Internal drag (to rake station), pounds

drag coefficient %

‘o) ~~~n~scoop external-drag coefficient

Reynolds number, baaed on fuselage length
of 6.66 feet

free-stream velocity, feet per second

velocity at scoop entrsnoe, feet per second

scoop inlet-velocity ratio

boundary-layer-passage inlet-velocity ratio

boundary-layer thickness

length

nondimensional boundar~layer thickness

horizontal distance along model reference line

1- ■ -,- -.1 .- . . ..— . .
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In the tunnel test section is shown in figure 2. The
fuselage fineness ratios (plan ancIside views), wzng
loc-ation,oh~rd, and-thidcness rati.o~ere--chosen as
representative of values used In mrrent des~gns. A
canopy installation was omitted because Its effeot on
the present scoop installation was not considered
slgnlflcant. The fuselage outlines are synmetrlcal b
side and plan views and were derived from the NACA
111 body ordinates (reference 1). The fuselage oross
seotlon at every station was opmposed of two semicircles
of radius Wf, oonneoted by straight lines. (See front
view, fig. 1.) me wing section is an NACA 66(215)-114ah
foil &eotion (reference 2) set at an angle of Inoidence
of 1°. Ordinates for the w,tngand fuselage are given
In table I.

A scale drawing showing the arrangement and prln-
olpal dtienslons of the scoop installation is presented
In figure 3. The scoop entrance was located at th wing
60-percent-chord station; the msximum section, at the
wing trailing edge. The scoop section was semiolrcular
with vertical side walls intersecting the wing and
fuselage. The maximum width of the sooop body was
equal to the maximum width of the fllselage,amd the
maxlmm depth (belowthe fuselage bottom surf’ace)was
equal to one-half the fusela”e msximum width. The
inlet area was fixed at 0.078 square feet model scale
or 1.95 square feet full scale to be in the range
required for current installations of 2000 horsepower.

The scoop-forebody ordinates (between the entrance
and the maximum sooop section) were derived from nose B
of referenoe 3. The nose B profile of reference 3 was
considered to extend back td the msxlmum section of the
original streanilinabody to which It was attached. The
resulting ordinates were modified slightly behind the
nose section to improve the falring and were then
applied in a nondimensional form to the scoop profile
between the inlet and tlw maximum-diameter stations.
The original nose B installation and final scoop
dimensions were as follows:

Orlghal nose B .,-.,
(referende 3) scoop

I

dh
8

0.8”
I

0.625
x/b 1* 5 1.10
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where -.
+ ..

d entrance diameter

D maximum body diameter .

x .distance frcm entrance to maximum sectlon

me. SCOOP afterbody consistealof an arbitrary
falring from the scoop maximum aectlon to the exit.
(See.flg.1.) The quantity of air flowing through
the scoop was controlled by var@ng the exit area by
means of a hinged

7
ortlon of the fuselage behind the

scoop exit (fig. 4 . Anelectric-motor drive was
provided in order that the flow quantity could be
varied through a given range during each test.

The scoop duct.expanded slightly (equivalent to
an 8° cone) from the entrance to the scoop maximum
section end then contracted to a semlclrc-dar section
of approximately tb.esame area as the entrance. At
this station, pressure measurements to detemlne lnlet-
velocity ratio, internal drag, and total pressure were
made. The duct remained at appf?oxlmatelyconstant area
back tc the hinged exit block. No simulated internal
resistance was employed In these tests in order to
permit attainment of the high Inlet-velocity ratios.

The scoop Installation with boundar~-layar passage
is shown in figure 5. Fuselage undercut, which started
at tb wing leadlng-edge station and reached a depth of
5/8 inch at the scoop entrance, provided the frontal
area necessary for the boundary-layer entrance. The
passage-entrance was an annular segment 1/2 inch high

with a &inch-thick vane separating the main duct and

the boundary-layer passage. The passage was divided “
by a wedge-shape divider and terminated in an exit on
each side of the scoop at the maxtium section.

m installation with a large amount of fusela e
%undercut ahead of the scoop was constructed (fig. ).

The fuselage was-undercut to the wtig lower surface

(approximately l’~ in. at the scoop entrance). The
resulting boundary-layer-passage entrance was rectan-

1

gular and was provided with a“”&inch alumlnum vane made
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detachable to pemnit variations In entranoe hel@t.
me passage exits were provfded with removable plates.-
By means-or-which ‘thsexit-areaa.and .t- -alm=flow
quantity in the boundary-la~r passage could be varied. ‘

Measurements .

Boundary-lap?? profiles were measured by means of
small movable rakes of total-pressure and static-pressure
tubes located at Varlbus stations on the fusalage surface.
At the scoop entrance, the entrance rake was used to
determtne the boundary-layer profile. The values of
boundary-layer thlolmess were taken as the distance
from the model surface to the point beyond whioh the “
local total-pressure loss was less than 5 percent of
the free-stream dynamic pressure. In order to evaluate
the effects of boundary-layer transition occurring near
the nose of the fuselage, bo~darplayer measurements
were made for certain configurations with transition
fixed at the 10-Percent fuselage station by means of a

1 inch peripheral band of lio.60 Carborundum grains
r
shellacked to the surface. Data presented are for
natural transition except as otherwise indicated.

Force measurements were made with wing, with
wing and basic fuselage, and with wing, fuselage, and
scoop in order to evaluate the drag of the various
scoop configurations.

The scoop was tirovidedwith three longitudinal
nlanes of surface pressure orifices (fig. 3): at the
bottom oenter line; 600 from the bottom center line;
and on the side of the scoop, 1A inch (at the closest
point)from the wing-scoop juncture. Rakes of total-
pressure and static-pressure tubes were installed ~ “
the sooop entrance (fig. 3) to obtain entrance total-
pressure-recovery profiles and within the duct to obtain
internal tiragand average inlet-velocity ratios. Small
rakes of total-wessure and static-pressure tubes were
installed In one of the two exits of the boundary-la~r

.-. duc$ @ obtain average inlet-velocity ratios and Internal
drag,and at warious locatitxssin the boundary=layer ‘
inlet to obtain local values of the inlet-velocity
ratio. ~r several tests, wool tufts were attached at
various points on and ahead of tie scoop in order that
the flow conditions might be observed and photographed.
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Most’of the “testswere made .at three Maoh numbers

t
0.30, 0. ~~ and 0.65,.and.at $hgee,.qngle~”ofattack, 06,
30, and m cCehrtafn-o”oniW~abibnswere tested”through ~ .
a Maw num~er range from 0:20 to .qppmxlmately O. 0

3and through an angle-of-attack range from Oo to 6 , or
to the highest malue permitted by model atruotural
limltatZons.

..
A curve of anproxlmate Reynolds number

for the Mach number range of the-tests la presented
In figure 7. ,

.

Boundary-Layar surveys ,--.
. . . .
Fuselage.- The pressure distributions omr the top .

and bottom surf’acesofthe fusslage (without scoop”)are
shown In flgura &. The results of the boundary-layer- “
thickness survey on-the.bottcm center line of the fuselage
are pressnted In figure 9. The values of boundary-
layer thickness ars expressed nondLwensionally as
fractions of’the fuselage length. The effects of
Reynolds number or Mach number are shown to be small
for the range of.the tests. The effect of fixing
transition near the nose of the -fuselae is to fnorease

tthe boundary-la~r thickness by about 5 percent at low
angles of attack.at the farthest rearward station at
whloh the measurements were made.

nselage with ortginal scoop installation.-The “
nressure dlstributlons on the bottom center 11ne of the
?uselage with the SOOOF are shown In figure 10 for three
values of scoop Inlet-velocity ratio. Cmnparison of
this figure with figure 8 shows the posltim pressure ~
gradient.due to the scoop. Figure 10 indicates that
tkw statio pressure does not reach the value that might
be expected at the acocp entranoe at the low.inlet- “
velocity ratios but drops sharply just ahehd of the
scoop, evidently because of flow separation.

me varlations ot’boundary-layer thiclmesa along
the bottom center llne of the fuselage wtth the scoop
are shown in f“ie~re11 for scoop”inlet-mlocity ratios “
from 0.20 to 0.90. The boundary-layer thickness along
the fuselage-at the highest inlet-velocity ratio ia
approximately the same aa that shown for the fuselage
without the scoop (fig. 9), because only a small

+



??ACAACR No. L5BOla 9

posltlve pressure gradient exists ahead of.the scoop at
high inlet-veloclt$ ratios. As the sooqp lnl-et-velooity

,- ,..- ratio-ti.decreased, the increase Iq posftlmL pressure
gradient causes abrupt increases in bo~ba~y-layer
thl

P
ess immediately ahead of the scoop antranoe until,

at # = 0.20, we boundary layer almost mmpletely
Vo

spans the etitranoe. The thlckne.asof the boundary layer
fop this condition js about 8 times the normal value.
It Is apparent that, in advanqing Into the adverse
pressure reglcm ahead of’the SOOOP, the boundary layer
has separated the flow and produced a large region in
which a substantial loss In total pressure occurs. “

The effect of inlet-velocity ratio on bpundary-
- layer thickness at the scoop-entrance center llne is .
shown in figure 12 for both natural and fixed transitl.on
through a range of valuesof Re~olds nuber. An abrupt
increase in 6/1f is shown 50 occnxrwhen V1/vo 1s
decreased to values below 0.6. Re-welds number effects
on boundary-la;?erthickness for the raiigeof these
tests are secondary to the effects of inlet-velocity
ratio,type of transition, or angle of attack.

“Characteristicsof Original Scoop Installation

Tuft surveys and Internal flow.- Jn order to
detezmine the tyne of flow that occurs in the vicinity
of the sooop entrance, wool tufts were placed at
various locations on the model and photographed. mft
photographs for the range of inlet-velocity ratios are
presented in figure 13.

The corresponding to,tal-pressure-recoveryprofiles
at the scoop entrance and at-the duct rake are presented
with eaeh photograph. Ihe total-pressure-recoverydata
are pzwsented In the fom .“

.
l-#--

~H- Po
.. ., 0 - P. .Ho - P.

-, This raWm*expresseb the impact pressure (referenced
to free-strefi statio pressure).available at a partlmlar “
point as a fraction of the Impact pressu~ available in
the free stream. The total-pressure-recoveryprofiles
at the entrance station were measured with a rake . .



10 NACA ACR NO. L5BOla

.

mounted vertically at the ceilterline “o’fthe inlet.
..

The profiles in the duc’twere,measured w~th two radial
rakes at a station (fig. 3) where flow conditions had
become steady and unlform~ The duct profiles therefore “
are an indication of the average flow losses ahead of
that station.

The substantial loss “intotal pressure tkat is
encountered at the entrance and duct stations at low
inlet-veloclty ratios is a result of the thickening and
separation of the”homdary layer ahead of the.scoop
entrance. me tuft photogra@s show clearly that the
flow is separated, not only in ths scoop entrance but
also well ahead of the entrance and in the wing-scoop
juncture. lhcreaslng the Inlet-veloclty ratio to a
value of 0.6 decreases the total-pressurelosses.
Abovs tkds value, the duct total-pressure losses
increase in spite of constantly dgczwaslng.boundar~-
layer thiclnlsssat the scoop entrance. The average
value of’total-vrassure-recovaryratio for the htghest
value 02 vl/Vo, iYom figure 13(f), is 0.s. ~e
losses, as is s~.ownla~er in results o? +;estswith the
boundary layer re’~oved,are a result-of kcreased
diffuser losses cauaed b~ sap~r~tion of icw-saergy
boundary-layer air In the di.f.fisar.me tuf% @-loto-

2mDrowm9ut in external A~.owgraphs show g~adual .
conci~tionswith increas9 in inlet-wlocity ratic.
At J!l = o.~o,

V.
all tufts a~” s~~ady ad smooth f’~ow

into the scoop }akes place.

Typical effects of increasing a.n’leof attack on
flow ccndftlons are skown in Sigure Jl for a medium value
of Vlf?vo. The total-pressure loss decreases sli@tly
as the =mgle of attack increases, (C~pare fig. 14
with fig. 13(c).). The tuft photographs also show some .
Improvement in external flow.

me effects of boundary layer are shown to be
important through the entire range of inlet-velocity
rattos from 0.2 to 0.9. At low inlet-veloclty ratios,
the boundary layer separates ahead of the scoop entrance;
at high inlet-velocity ratios, the flow separates within
the diffuser. In all cases, serious losses In total
pressure result.

.. .
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~ Pressure distributions.- Pressure dtstributlonb
fo; three lomzitudInal Dlanes on the scoom are fiitin

At hi~h in16t-velocity ratios, the nre8.aure”distribu-
tions have low peek”negati . pressures and no large
adverse gradients. % = 0.5, pressure:peaks

*lOw v~
appear at the scoop lip and c!ontin?! “to rbe “as the
inlet-velocilyvratio is decreased to the minimum test
=l~e. ~is change of nressure distribution is to be
expected; si-ncea decrease in the-scoop inlet-velocity
ratio corresponds to an increase in the local angle of
attack at the lip.’

Critical Mach n-mber.- The ,ori.tloalMach numbers
for the three ~lanes of he sooop are shown in fig-
ure 16. These values of Mcr were obtained from the
measured peak pressures; when naoessary, hhe measured
peak was extrapolated beyonclthe highest test speed
by the von &m&n relation (raference 4). The decrease
in Mcr with decreasing v#Jo is ~ regl-~~t~f’ the
pressure peaks over the scoop lip at low values of
v@..

less than the slope”determlnedfmm tests o; the sam9

inlet opening with the fuselage boundary layer removed.
This ef’fqotis due to the flow.separation ahead OS the
inlet previously shown. It is thtisindicated”’thatthe
external flow over the s“c,oomcan be s.erlou.:lyaffected
by the act$on of the fuaelqge b~undary la”yerph~ad of
the so~op. Tb “ values 0$ “Hcr

h
“shown for ~nlet-valo~ity

ratios below ~
= 0.6 have no pr;ctical application

because the external flow.in this rapge is.seriously
separated and the drag has already become excessive.
The critical speed is lowest for the wing-scoop jumture
and highest f’orthe scoop bottom oe!nterline for all
~lues of Vlflo. Measurement of wing peak negative

... pressures at se.=ral spanwise statioznsnear the.scoop
installation.showed.noohange in”the oriti.calMach
number”of the w~g due’to addition of the eooop. The
critical Maoh number for the scoop, on the other hand,

.Gi”sshown by figure”16 to be affectsd to an important
extent by the flow field of the wing. w-la result
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exempliflea the adverse ef~eot on or’ltlcalspeed.that
is encountered when a scoop is located In the superstream-
veloclty field of a body: ,

Dra..- Figure 17.shows “the”drag .oharactor~stics.of
~ +-the wag, the wing and streamline f’tmelage, and.the wing,

fuselage, and original .ecoopInstallation at the design
angle of attack of Oo. Drag-coeffloient curves for the
scoop ln~tallation are given.f’ora low,.a medium, and a
high scoop I.nlet-velocltyratio. !I!hedrag of the model
with the sooop Installation includes internal drag and
the drag of the htnged exit-oontrol blook. These.data
show the drag characterlstlca of the basic model and
the chsnges that occur with variathns In sooop inlet-
velocity ratio. me lar e Increase in drag that occurs
aa V@o is decreased ffig. 17) isa result of the
flow separation.

Characteristics of Sooop with
. ?oundWy-Laye~ .Paasage

The data fram tests of the scoop without boundary-
layer passage clearly tidicate ~he necessity of prodding
a means for handling the fuselage boundary layer in
rthevicinity of the SCOOP entrance. For determining .
the necessary dimensions of the boundary-layer Inlet,
figure 11 gives a pessimistic indloatlon of the thlcknesa
Of *he la-r that should te removed for a scoop operating
at low inlet-vwloclty ratios. On the other hand, it
was presumed that removal of the normal thickness of
boundary layer at a relattvelyhlgh inlet~veloclty ratio
might largely eIimlnate boun~ary-layer.separation or
growth.

. .

The modlfled scoop Installation was m’ovided with
a boundary-layer nassage having m entrance area of
2.5 square Inches &d a height of 1/2 inch (about twlae
the normal boundary-lamr t~dc~ess at this station).
The s~oop duct entr~ce was the sme as for the original
scoop, Ih order to nravlde frontal area for.the boundary-
layer passage, the fuselage was parttally undercut. (See
fig. 5J The passage exits were located near.the wt~g
trailing edge at the scoop maximum section where”the
surface pressure coefficient was ol’the order of -0.1.
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9coop -chraoter18tIos:”qb-prese~$s-@iq”:detall”for
a -boundary-la~r-p~s sage’inlet-vploclty ratio o“f’:
anpqoxi~tel~ O~5~ .whlo.~waa fawd, -t-o:be adequate;.:
tlieeffect oS.passage “Inlet-tilooity .qatio.fid o~er
varlabl+ are discussg,d1ater In sephratk sectltia... . .,.

Tuft surveys and:In%eimal flow.- kyf’li.photo&ra#m
. and totaL-press~re-recovery proftles are sh-. ”for &e

sooop with the boundary-layer passage in figuro 18.
.No loss in total messure at the entranoe.is encountered

.
.. ....

I

i

for the entire r-e of’.SCOOPInlet-veloclty”l.ratloa,..
and no measurable loss In total pressure at the duct
station occurs unttl.high fnlet-wlo~lt y ra.tlosare
reached. The losses at tkls oondition are a~rox.imately
one-half those encountered,inthe scoop without the
boundary-la~.r passage (ftg. .15)..The tuft photographs
show neither Irregular nor separated flow for the
entire range of scoop inlet-velocity rat~.os. The
necessarily dtvesgent flow ahead of ths scoQp entrance
is evident at low inlet-velocity uatios, but virtually
no unsteady flow exists.

Pressure distrlbutlons.- The pressure dlstributlona
over boundary-layer passage are given
h fl.&es;~o!o~ &19~ of attack of’Oo end 3°. me
shapes of the rressure tilstributlonsand the changes
that occur with changes In inlet-velocity ratio are
similar to those shown In figure 15 for the scoop
without the boundary-lqyer passage. The peak negative
pressures at the low inlet-velocity ratios are higher,
however, because of the prevention of separated flow
by the boundar~-layer-passage installation.

The pressure-distributiondata for tke thr6e .
pities of the scoop show the necessity for designing
air scoops as three-dimensionalbodies. Several tests
of scoop Installations on specific airplanes (unpublished)
substantiate this indication by showing separation over
scoop sides that were essentially flat. The aidea of a
scoop should be designed with.proportions and ordinates
slmllar to those used ~or the bottom plane.

‘Crit3cal Mach number.- Flgure .20 shows the critioal
speeds of.the scoop with ths boundary=layer passag6 fdr
an angle-of’-attackrange from Cl0 to 3~. These data
establish this scoop as a lzigh-crltlcal-speedinstal-
lation.. The crlticalMach nhmber of the scoop (apart.,..,
. ... . ..*.

---- — .- — -.—. ..
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from the wing-sooopjunotyre) at .a.= N, was.0,75at
an inlet-ve~oo~ty ratio-of”O~6i !lliistilue of.oritioal
W* numtir.deoreased to .0,67oat an ~nlet-velooity .
ratio of “0..4.“ The sli@tIy lower ml tioal speed in the
wing-sooop juncture at hi”@ Inlet-velocity ratios was
due @ part to wing interference and in pant to the
approximatailycmnstant itiet-mloaity ”ratio.1~thb “ “
boundary-layer.passage. ..”

.
“ The results of these tests sh”owthat high-.crltioal-

speec% SCOOPS oan be derived direotly from the ordinates
of high-critioal-speed t~ee-dimensional nose Inlets-.“
~ derivation of scoop profiles on this basis appears
.pr”omlsirigand should be considered in future investi-
gations direoted toward the development of lxlgh-oritlcal-
speed scoops. A oomparlson of the orltioal I&oh number
oharaoterlstlos of this SOOOP with the charaoterlstics
of a oorrespondlng three-dimensional nose inlet is given
in reference 5 alo~ vith a C!isoussionof the apglioation
of nose-lnltitdesign data to the design of fuselage scoops.

Abrupt decreases In critical Haoh number ooour
when the Inlet-velocity ratio is lowered below .0.6.
Comparl.sonof figure 20 with figure 16 shows the extent
to whloh the critical-speed characteristics of the
scoop were altered by the boundary-layer separation
Wat oacurred at low inlet-veloo%ty ratios when no
boundary-layer passage was provided. ‘Thehigher
values Of ~r obtained at low inlet-velocity ratios
for the prtginal scoov installation (fig. 16) do noti
have their usual slgnifioance$ because the external
flow is separated throughout the speed range and the
resulting drag has already reaohed excessive vdlues
before the critioal Maoh mmber is remhed. The
mltioal Mach nupbers at the Ii@ values of Vlflo -
are agproxtmat+ly equal for the two installations,
These results show that wind+mnel tests”to detezlnine
the cfitioal speed of a SOOOP Installation”may yield
results greatly in error if boundary-layer passages
are omitted froq the model for simplification, WIth-
out boundary-layer passages, entirely different flow
conditions are produced, tii~h alter to qn important
extent the oritioal-speed, drag$ and internal-flow
oharacterlstics of the scoop installation.

Effect of boundary-layer-passageinlet-velooit-y
ratio.- The
=erage Fxy:n::d$=:x’v;:o=’z

test values of boundary-layer-pas age inlet-velocity
ratio, the local value of (vl/VojRT, at the entrante
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m ...- oentp,r”llnewas found to be between 0.2 and 0.3 higher
than the atihagb””value:’
photographs for average ~xj~ !rS:’sC%hOn
of this figure wtth figuw 18 s~ows.a pronounced .
change In external flow, particularly at low values
of v@o. The tufts show unsteady flow ahead of the
scoop and in the wing-scoop juncture.. The total- .
pressure-rbooverv nroflles (npt presented), however,” “
showed no change from those presented in figure is. ‘
Measurement of the rscoyer~ nroflle.In the scoop
entrance app~oxlmatelv 1/2 inch from the staleof the ‘
entranoe likewise showed no appreciable loss there; .

A test=was made with the boundary-layer-passage
exits sealed. For this oondition a local~ fV1/VQ)BL

of about 0.3 was measured at the entrance center line,
an indioatlon that the flow was entering at the.center,
reversing in the nassage, and spilling from the sides
of the passage entrance. A small decrease In total-
pressure.recovery at the duct rake was measured only
at htgh duct inlet-velocity ratios, an Indication that
a small amount of boundary-layer air was spilling into
the main duct for that condition, The satisfactory
Inlet-velocity ratio maintained In the center of th
boundary-la~r-passage entrance apparently nrevented
the boundary layer from spillhg into the main duet
there; at the sides of the entrance, the alr spilled
into the lower-nressure region of the wing-scoop
juncture rather than Into the kigher-pressure region
of the matn duct. Because of this cross flow and .
spillage, the flow In the main duct was not adversely
affected by the decrease In @fiO),Lo The external

flow,”however, Is seriously affected, as is shown by s
the.tuft photographs (fig. 21). .

Dra .- The drag data are presented as scoop
+extema -drag coe~ricients c% based on scoop J&irnum

frontal area. .The internal drag In the boundary-layer
passage, measured at the passage exit, and the irlternal. drag In We scoop duct, measured at the duet rake ~
station (ftg, 3), have been deducted from the over-all
drag of me scoop. The drag coefficients presented
therefore Inolude the internal drag In.the rear half of
the sooop duct, the exit losses, and the drag of the”
exit-oontrol blook in uddition to the sooop.drag. The
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drag values therefore are somewhat hi~er

ACR No. L5B018

tb.aathose
for-other scoo”pinstallations, b~caus~ the scoop
configurations as tested d~.dnot represent the optimum
design from drag considerations. ‘

Drag data are presented in table 11 for ranges
of scoop-duct and bount!ary-layer-passageinlet-velocity
ratios. The-reduction in.drag made nossible by the “
boundary-layer passage over that of.tks origfnal instal-
lation Is etident from the data for the hf k value
of (VI/Vo)BL. -F.rthelowvaluof VIVO(7)

BL’
however, the drag is higher thap for the orlglnal
installation. The drag characteristics are shown to
be sensitive to changea In (@o)3L and Indicate

that the value of (v,/vo)BL must be..hi~ enough to

prevent separation or splllage”from the side of the
paaaage entrance. lhcreaslng (V~/vojBL to /ibove!3.5

might result in furtier decreases in drag; however,
higher passage Inlet-velocity ratios were Impossible
without the use of exit flaps.

Effect of undercutting fuselage.- lh order to
evaluate tka effects of a large amount of undercut
ahead of the scoop entrance, the installation was
modified as shown in figure 6. Such a modif!catlon
is of interest as a method of increasing the entrance
area of a scoop without increasing the maximum frontal
area and to give some flnforr.ationapplicable to submerged
or partially submerged scaop hstallations. The amount ~
0$’undercut at the SCPOP entrance was approximately

1: Inches, or one-hal~ t:w original scoop-entrance

h;lght. The entrance area of the main duct was increased
to 0.0927 square foot, wh~ch is a 23-percent increase
in area.

Tuft photographs and total-pressure-recovery
profiles are shown in figure 22. ‘lTnepressure-recovery
profiies are sim~lar to those presented In figure 18.
The tuft photographs, however, show that the flow is
unsteady, particularly at the low,valws of v@. ●

~ an attempt to Improve’this condition, the value
‘of (vlfi~)BL ‘asincreased toofibymems of exit

Imm ml-m Illml m mm-,- .
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p4@ographa for this co~ltion are shown
for four values,of V1/Vo. Sane”improve-

ment In the flow la apparent, but considerable tuft
motion still exlats. Observation of’these tufts over “
,a period of time showed that the flow ahead of the
sooop was alternately rough and smooth. The amount
of’Undereut in this Installation 1s therefo- apparently
.Critiqal. Further undercutting would probably result
In “~allureof th air to follow the fuselage surface.

.Thqdrag data for thts ~nstall.atlonare given Ih.
table II(o). The drag ooefflolent Is slightly less .
than for the nartlally undercut installation at the.
high inlet-velocity ratio. At low V@o, however,.:.
the dr i higher, because of the lower value -
of (7\‘~ ‘o B1. and the slight separation Indicated..
by the tuft photographs.

.J
,

. .
Effect of varying boundary-layer-passageheight.w

The heZght Or the passagg entranoe was reduced from
1/2 inoh to 5/16 inch for several tests. (The nomal
boundary-la~r thickness at t~ scoop-entrance station
on the streamline fuselage is approximately 5fi6 in.)

“The total-pressure-recoveryprofiles for this condition
(not presented) show a small loss near the llp, an
indication of boundary-layer spillage into the duct.
Table II(c) shows a large increase in external drag at
low inlet-velocity ratios-. Although these tests are
nc$tcomluslve, it is indicated that use of a boundary-
layer-paasage height somewhat in excess of tlm normal
boundary-la~r thfckness at (vl~Jo)BL = 0.5 or less

may be adtisable, particularly for sooops operating at
low or medium inlet-velocity ratios.. . .

.

CONCLUDIIW REMARKS

A la,rgeair scoop deslgged.for l+h critical speed

has been tested on the fuselage of a ~scale flghter-

type airplane. The oritical Maoh nw~r of the scoop
(apart from the wing-scoop ~uncture ) Was 0.75 at an
inlet-velocity ratio of 0.6. This value of crltioal
Maoh n~er decreased to 0.67 at an inlet-velocity
ratio of 0.4. A sl@htly lower critlcal”speed was

. . —-—. .- -
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&tt’al@edIh the wing-scoop jhnqture; large~y because bf
the flow fIeld of the wing+ :Pr~ssure meas~emepts ode?
be~ral. planes of the scoop indicated that the kidea @f
a soo~p should be designed with proportions and ordihates
simfl&r to those used for the botticmplaneb .. -

me results of these tests showed that high-critlcal~
dpded scoops can be derived didectly from the ordinates
of high-critical-speed three~dlme@sionalnose inlets.
The ddrlvatlon of scoop mrofilea on this bas!s dppeara
promising and should be considered in futWe investiga-
tions directed toward the deve~opment of hl@*crltlcal-
speed scoops. o

The positive Ore$suPe gradient ahead of t% scoop
at low lnlet~veloci~v ratios caused the fuselage
boundary layer to separate and to attain a thickness
at the scoop entrance approximately 8 times the normal
bormdary-layer thiclmess. At inlat-veloctty ratios
approaching unity, the boundary layer at the scoop
entrance was of the sainethickness as that on the”
fuselage without a scoop.

The effects of boundary la~r on scoop charac~
terl.stieswere important at all inlet=veloclty ratios,
At low values of Inlet-velocity ratio, algnlficant
losses In total pressure available in the duct and
large increases In external drag were found to occur
as a result of flow separation ahead of the SCOOP .
entrance. At h!gh inlet-VSIOcltT ratios, the boundary-
layer alr induced separation In the scoop dlffuser~
whloh caused equally significant total-pressure losses.
The critical Mach number of the sooop Installation was
altered by the external ssparatlon occurring at low
inlet-velocity ratios.

A boundary-layer passage of height about twice the
normal fuselage boundary-laver thtclmess eliminated the
Intem.al losses in the scoop duct due to the boundary
layer. The inlet-veloclty ratto In the boundary-layed
passage was indicated to be of Importance for, with
increases in boundary-layer-passage inlgt-velocity
ratio, the external drag of the installation decreased.
A boundar~layer-passage inlet-velocity ratio of 0.5
Was fo~d to give a substantial reduction h drag and
to provide (as shown by tuft surveys) smooth external
flow; however, additional improvement.might be realized
at higher passage inlet-velocity ratios.

.
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Thdemuttlng the fuselage ahead of the sooop by
● one-half’the-original scoop-entrancehei#it, .as a

means of increasing the scoop-entrance area, was i.ndl-
oated to be cmltioal .from oonsimrati on of fuselage
flow sepamtl on.

Langley lkmorial Aeronwtiaal Laboratory
Natlonal Advim ry Committee for Aeronauti0s

Langley Field, Va.
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TABLE 1.- MODEL ORDINATES

k 11 measurements in in. See figs. 1 a:ld ~] ‘

20

Fuselage

%:irig -

I@er Lower
surface surface

-5F--F-
11.751.CI .96

1..001.* 1.17
1.251.45
2.502.27
5.003.36
7.004.04
9.00h.61
11.005.05
l~.oo 5.64
16.595.81
18.005.91
21.006.20
22.DC 6.26
25.006.49
~o.oo6.50
32.506.50
34.506.J_.9
35.m 6.117
38.006.@
40.256.53
42.036.19
l&oo 6.0(
46.005.93
~7.oo5.e6
50.005’.40
54.505.03
54.705000
550204.92
56.50&72
60.004.08
65.003.1(
68.002.58
70● 00 2.1(
72.50l.@
75.001.0s
77● 50 ● 53
78.75 .2(
80.00~O

1.35
2.33
2.89
3*32
3.61
3.8o
3.97
4.00

‘r

;.97
3*95
~.$xl
3*49
3.68
3945
3*5L
3.21
2.58
2.09
1.76
l.?b
.91
.~6

~.*
!0

%

“o
.597
.150
.258
.531
1.079
1.628
2.178
;.;::

,~:h$

7:6k
8.794
9.e97
11.002
I2.107
1.3.213
1.4.T18
l~o~lg

16.517
17.61.4
16.713
19.806
20.902
22.300

.253! .123’-.236

.3b’6~.180~-.226

.388 .2921-*357
-.476

:;; l:?::l-.636
.883~l.672-.769
1.0142;222-a@

1

1.2183.3211.020
19373 ~*L19-~139
1.h94~5.517-1.229
1.5846.613-L 296
1*4497•7~~-ML-2
1.68818.806-1.369

1.6511.2.w3~-L332
1.57.413.lE71-le2~2

d1.44314.2e,-1.167

SCOOFandduct

r~
,——
2.5(3
2.52
2.57’
2.40
2.69
2.76
2.83
2.89
2.93
2.96
2.96
2.96
2.88
2.86
2.61
2.77
2.74
2.71
2.70
2,70
2.74
2.79
2.e3
2.87
2.87
2.95
— —.

ScooF-liw radius:O.0~
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TABLE II.- EXTER?JAL-DRAG COEFFIC IEHS’IW

[a= 00]

21

(a) Original scoop; M = 0./+0 I
CD

F I
. 0.20

. .!+0
.90

0.222

.177

.132

(b) Scoop with bo’mdary-layer passage; partially
undercut f~.~selage; i\I= O.30

(c) ,Scooo wf.th hou..ndary-layer passage; fully
umdercut fuselage. ; N = O.j O

Passage-sn trance height,
1/2 in. ;

(v,/vo)BL = 0.4

0.21 I 0.211
,3$ .17

.12?’
:Zc ● 104

a(v,/vo)BL dec~eassd as

..—

Passage-entrance height,
5/16 in. ; !

(Wvo) ~1,

= 0.);5to 0.34

V1 /v..

0.19
.29
.’-0
ii.0

~j)
F I

0.260
.lqo I
.130
.103 I

~jl\i.To increased.
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Figure 2.- Installation of model in the Langley 8-foot high-speed tunnel.
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Figure 21. - Tuft photographs for scoop with boundary-layer passage and
partially undercut fuselage. a = OO; M. = 0.20; (V1/Vo)BL = 0.2.
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Figure 22.- Tuft photographs and iotal-pres sure-recovery profiles for scoop
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